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© Novel ffuorovlnyl ether. 



@ A fluorovinyl ether of the formula: 
Rr(OCF 2 CF 2 CF2) n -OCF = CF2 (I) 
2 wherein R f is a C1-C5 perfluoroalkyl group, n is an integer of 1 to 4 provided that when n is 1 (one), Rf is other 

than a trifluoromethyl group, a copolymer of which with an ethylenically unsaturated compound has a low glass 
OOtransition temperature and improved low temperature properties. 
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NOVEL FLUOROVINYL ETHER 



BACKGROUND OF THE INVENTION 



6 Field of the Invention 



The present invention relates to a novel fluorovinyl ether. More particularly. It relates to a fiuorovinyl 
ether which is a useful modifier for a polymer comprising an ethylenically unsaturated compound. 

w 

Description of the Related Art 



is Copolymerization of two or more fluoroolefins or a fluoroolefin with a fluorine-free olefin gives various 
■ kinds of copolymers from a resin to an elastomer according to a composition of the monomers. The 
copolymer comprising the fluoroolefin can be molded to produce mechanical parts (e.g. O-rings, flange 
seals, gaskets, diaphragms, liners, etc.) and particularly useful in cases where special resistances to heat 
and corrosive fluids are required. 
20 As fluorine-containing elastomers, known are copolymers of vinylidene fluoride/hexafluoropropylene. 
tetrafluoroethylene/propytene, tetrafluoroethylene/ perfluoro(alkyl vinyl ether), vinylidene fluoride/perfluoro- 
(aJkyl vinyl ether) and the like. 

These fluorine-containing elastomeric copolymers has insufficient properties at low temperature and are 
hardly used at low temperature, although they are superior to hydrocarbon type elastomers in heat 
25 resistance, oil resistance chemical resistance and so on. 

To overcome such drawbacks of the fluorine-containing elastomers, a blending method such as co- 
cross linking with a silicone rubber has been attempted. However, to improve the low temperature 
properties, the blend should comprise the silicone rubber as a main component so that the characteristics 
of the fluorine-containing elastomer are suppressed. Alternatively, addition of a certain kind of plasticlzer to 
30 the fluorine-containing elastomer is proposed. However, under some conditions, the plasticizer is separated. 
Therefore, the intended elastomer having good resistance to low temperature has not been provided. 

To improve the low temperature properties of the fluorine-containing elastomer by introduction of ether 
linkages in its backbone chain, ionic polymerization of hexafluoropropylene oxide, radical polymerization of 
a fluorine-containing ketone and condensation of fluorine-containing polyether are investigated. However, no 
35 practical elastomer has been produced by these methods. 

Introduction of an ether linkage in a side chain of the fluorine-containing elastomer has been studied to 
improve the low temperature properties. For example, copolymerization of vinylidene fluoride or 
tetrafluoroethylene with a fluoro(alkyl vinyl ether) of the formula: 
CF 2 =CFOR f 

40 wherein R f is a perfluoroalkyl group such as -CF 3 , -C2F5 or -C3F7 gives an elastomeric copolymer. 

However, a glass transition temperature (T g ) of the copolymer cannot be sufficiently lowered even when a 

content of the fluoro(alkyl vinyl ether) Is increased as high as possible. 

Among the fluorovinyl ethers, a fluorovinyl ether having plural ether linkages in a molecule can 

effectively improve the low temperature properties of the fluorine-containing elastomer. By copolymerizing 
45 the fluorovinyl ether having plural ether linkages with the fluorine-free olefin or the fluroolefin, a 

fluoroelastomer having low temperature properties to some extent is produced (cf. Japanese Patent Kokai 

Publication No. 18710/1982 and Japanese Patent Publication Nos. 50486/1986 and 57324/1987). However. 

none of them has satisfactory low temperature properties. 

50 

SUMMARY OF THE INVENTION 



One object of the present invention is to provide a novel fluorovinyl ether which is copolymerlzed with a 
fluoroolefin or a fluorine-free olefin to give a copolymer with good low temperature properties in addition to 
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heat resistance, oil resistance and chemical resistance. 

Another object of the present invention is to provide a fluorine-containing elastomeric copolymer having 
improved low temperature properties. 

These and other objects of the present invention are accomplished by a fluorovinyl ether of the formula: 
Rr<OCF 2 CF2CF 2 )„-OCF = CF 2 (I) 
wherein R f is a C1-C5 perfiuoroalkyl group, n is an integer of 1 to 4 provided that when n is 1 (one), R f is 
other than a trifluoromethyl group. 



10 DETAILED DESCRIPTION OF THE INVENTION 



Specific examples of the fluorovinyl ether (I) are: 

75 CF 3 CF20CF2CF 2 CF20CF«CF2 

CF 3 CF2CF20CF2CF2CF 2 OCF=CF 2 

CF 3 CF2CF 2 CF 2 OCF2CF 2 CF20CF*CF2 

CF 3 (OCF2CF 2 CF2) 2 OCF = CF 2 

CF 3 CF2CF2(OCF2CF 2 CF2)20CF = CF2 
20 CF 3 (OCF 2 CF 2 CF 2 ) 3 OCF = CF 2 

CF 3 CF 2 CF2(OCF2CF2CF2)30CF = CF2 

CF 3 (OCF 2 CF 2 CF 2 HOCF = CF 2 

CF3CF 2 CF2(OCF2CF2CF2)*OCF = CF 2 

Among the fluorovinyl ether (I), those in which n is 2, 3 or 4 are preferred. 
25 The fluorovinyl ether (I) may be prepared from a corresponding acid fluoride according to the following 

reaction scheme: 



30 



35 



R f - ( OCF 2 CP 2 CF 2 ) n-1 OCP 2 CP 2 COP { II ) 

I + Hexaf luoropropylene oxide 
I (A catalyst and a- solvent) 

CP, 
I 3 

R f -(OCF 2 CF 2 CF 2 ) n OCPCOP (III) 
f + ROH 

40 CPo 

I 3 

R f -(OCF 2 CF 2 CF 2 ) n OCFCOOR (IV) 
+ + Alkali metal hydroxide (MOH) 

45 

R f - (OCF 2 CF 2 CF 2 ) n OCFCOOM (V) 
so ♦ Pyrolysis 

R f - (OCF 2 CF 2 CF 2 ) n OCF=CF 2 (VI ) 



55 

wherein R is an alkyl group or a cycloalkyl or aryl group which may have a substituent and R f and n are the 
same as defined above. 

The compound (II) can be prepared by the method disclosed in Japanese Patent Kokai Publication No. 
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113616/1986. U.S. Patent Application Ser. No. 940,191 and EP-A-0 148 482. the disclosures of which are 

hereby incorporated by reference. 

The compound (III) is prepared by reacting the compound (II) with hexafluoropropylene oxide. Examples 

of the solvent are glymes such as ethyleneglycol dimethyl ether, diethyleneglycol dimethyl ether and 
5 tetraethyleneglycol dimethyl ether and acetonitrile. Examples of the catalyst are cesium fluoride, potassium 

fluoride, silver fluoride, ammonium fluoride, tetraalkylammonium fluoride, sulfonium fluoride and the like. 
The reaction temperature and time are not critical. Typically, the reaction from the compound (II) to the 

compound (III) is carried out at a temperature of from -30°C to + 50°C for 3 to 20 hours. 

The compound (IV) is prepared by gradually reacting the compound (III) with the alcohol (ROH) while 
10 cooling the reaction system with iced water. 

The compound (V) is prepared by reacting the compound (IV) with the alkali metal hydroxide such as 

sodium hydroxide at a temperature of from room temperature to 100°C for several hours. 

By heating the compound (V) under reduced pressure or in an inert gas such as nitrogen at a 

temperature of from 150°C to 250°C, the desired compound (I) is produced, 
rs The ethylenicaily unsaturated compound to be copolymerized with the compound (I) may be any of 

conventionally known ones. Examples of the fluorine-free ethylenicaily unsaturated compound are ethylene. 

propylene, butylene, vinyl esters of carboxylic acids (e.g. vinyl acetate), vinyl ethers (e.g. methyl vinyl ether 

and ethyl vinyl ether), vinyl chloride, vinylidene chloride, acrylic acid and methacrylic acid. Examples of the 

fluorine containing ethylenicaily unsaturated compound are tetrafiuoroethylene, trifluoroethyiene. 
20 chlorotrifluoroethylene, vinyl fluoride, vinylidene fluoride, hexafluoropropylene, pentafluoropropylene,- hex- 

afluoroisobutene, perfluorocyclobutene, perfluoro(methylcyclobutene). perfluoroallene, a,0,0-trifluorostyrene. 

perfluorostyrene, perfiuoro(alkyl vinyl ether) (e.g. perfluoro(methyl vinyl ether) and perfluoro(propyl vinyl 

ether)), perfluoro(alkyl vinyl polyether)s, poly fluoroacrylic acid, polyfluorovinyl acetate, polyfluorovinyl ether 

sulfonate and polyfluorodienes. 
25 The content of the fluorovinyl ether (I) may vary with the kind of the copolymer to be produced. 

Preferably, the content of the fluorovinyl ether (I) is from 0.01 to 80 % by mole based on the whole amount 

of the copolymer in view of the properties and cost of the copolymer. To improve the low temperature 

properties of the copolymer, the copolymer comprises preferably from 1 to 60 % by mole, more preferably 

from 2 to 50 % by mole of the fluorovinyl ether (I). 
30 The copolymer of the present invention may be prepared by any of the conventional polymerization 

methods such as bulk, suspension and solution polymerization and emulsion polymerization by using a 

water-soluble or oil-soluble peroxide in the presence of a perfluoroemulsifier. As- the solvent used In the 

solution or emulsion polymerization, preferred are highly fluorinated solvents such as dich- 

lorodlfluoromethane. trichlorofluoromethane. chlorodifluoromethane, l f l,2-dichloro-U.2-trifluoroethane, 12- 
35 dichloro-1,1,2.2-tetrafluoroethane, U^^-tetrachloro-l^-difluoroethane, perfluorocyclobutane, per- 

fluorodimethylcyclobutane and the like. 

In the bulk, suspension and solution polymerization, an organic polymerization initiator may be used. 

Among the initiator, preferred are highly fluorinated organic peroxides. Most preferred is a diacylperoxide of 

the formula: 

40 (Rf'-C0O)2 

wherein R/ is a perfluoroalkyl group, an co-hydroperfluoroalkyl group or a perchlorofluoroalkyl group. 

The copolymer of the present invention has a number average molecular weight of from 10,000 to 
500.000, preferably from 30,000 to 300.000. 

The molecular weight of the copolymer can be controlled by the addition of a chain transfer agent. 

46 Specific examples of the chain transfer agent are hydrocarbons having 4 to 6 carbon atoms, alcohols, 
ethers, organic halldes (e.g. CCU. CBrCIa, CF 2 BrCFBrCF 3 and CF2I2). When a fluorocarbon iodide such as 
CF2I2. I(CF 2 )I or CF 2 = CFCF 2 CF 2 I is used as the chain transfer agent since the iodine atom bonded to the 
chain terminal is still active, the copolymer can be cross linked with a peroxide as a radical source in the 
presence of a polyfunctional unsaturated compound such as triallylisocyanurate and triallylcyanurate. 

so The polymerization temperature depends on a decomposition temperature of the polymerization 
initiator. The polymerization pressure depends on the kinds of the fluorovinyl ether (I) and the comonomer 
to be copolymerized and determined from the reaction rate ratio of the fluorovinyl ether (I) to the 
comonomer so that the content of the fluorovinyl ether (I) fails within the above range. 

The cross linking method of the copolymer of the present invention is selected according to the kind of 

55 the comonomer. For example, when the comonomer is vinylidene fluoride, trifluoroethyiene and/or vinyl 
fluoride, the copolymer can be cross linked with a polyamine or a combination of an aromatic polyol and a 
cross linking accelerator. When the comonomer is tetrafiuoroethylene, chlorotrifluoroethylene and/or eth- 
ylene, the above cross linking method is hardly or not effective and therefore, the copolymer should contain 
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a comonomer which can provide a cross linking site to the copolymer. Examples of the comonomer which 
provides a cross linking site to the copolymer are CF2 = CFO(CF 2 ) m CN f CF 2 = CFO(CF 2 )mBr, CF 2 = CFO- 
(CF 2 ) m l, CH 2 =CHO-CH 2 CH 2 CI, CF 2 =CFCF 2 COOH, CF 2 = CFO(CF 2 ) m -/^\ 



s wherein m is an integer of 1 to 8. When the fluorocarbon iodide is used as a chain transfer agent as 
described above, the copolymer which is easily cross linked with the peroxide is obtained. 

The amount of the organic peroxide to be used is from 0.05 to 10 parts by weight, preferably from 1.0 
to 5 parts by weight based on 100 parts by weight of the copolymer. 

The organic peroxide is generally a peroxide which generates a peroxy radical by heating or in the 

70 presence of a redox system. Examples of such peroxide are 1,1-bis(tert.-butylperoxy)-3,5,5-trimet- 
hylcyclohexane, 2,5-dimethylhexane-2,5-dihydroperoxide, di-tert.-buty!peroxide, tert.-buty4cumylperoxide, 
dicumylperoxide, a t o'-bis(tert.-butylperoxy)-p-diisopropylben2ene, 2,5-dimethyl-2,5-di (tert-butylperoxy)- 
hexane, 2,5-dimethyl-2,5-di(tert.-butylperoxy)hexyne-3 1 benzoylperoxide, tert-butylperoxybenzene, 2,5- 
dimethyl-2,5-di(benzoylperoxy)hexane, tert.-butyl peroxymaleate, tert.-butylperoxyisopropyl carbonate and 

75 the like. Among them, the dialkyl type peroxides are preferred. The kind and amount of the peroxide 
depend on an amount of active -O-O-groups, a decomposition temperature and so on. 

When the organic peroxide is used for cross linking of the copolymer, co-use of a cross linking aid or 
co-cross linking agent will promote the curing of the copolymer. Any of the cross linking aid or co-cross 
linking agent which has a reaction activity with both the peroxy radical and the polymer radical can be used. 

20 Preferred examples of the cross linking aid or co-cross linking agent are triallyl cyanurate, triallyl 
isocyanurate, triacryl formal, triallyl trimellitate, N.N'-m-phenylenebismaleimide, dipropargyl terephthalate. 
diallyl phthaiate, tetraallyl terephthalate, triallyl phosphate and the like. The amount of the cross linking aid 
or co-cross linking agent is from 0.1 to 10 parts by weight, preferably from 0.5 to 5 parts by weight based 
on 100 parts by weight of the copolymer. 

25 The copolymer of the present invention can be blended with other polymer and cross linked. Examples 
of other polymer to be blended are silicone oil and rubber, ethylene/vinyl acetate copolymer, polybutadiene- 
1.2. fluoro silicone oil and rubber, fluorophosphazene rubber, vinylidene fluoride/hexafluoropropylene 
copolymer, vinylidene fluoride/tetrafluorQethylene/hexafiuoropropylene copolymer, 

hexafluoropropylfcne/ethylene copolymer, tetrafiuoroethylene/propylene copolymer and other polymers hav- 

30 ing a radical reactivity. The amount of other polymer to be blended is not critical. However, other polymer is 
not blended with the copolymer of the present invention in such amount that the inherent properties of the 
latter are deteriorated. 

The copolymer of the present invention may contain any conventional additive such as a pigment for 
coloring the copolymer, a filler and a reinforcing material. Specific examples of the generally used filler 
as and/or reinforcing material are inorganic materials such as carbon black, Ti0 2 , SI0 2t clay and talc and 
organic materials such as fluoropolymers (e.g. polytetrafiuoroethylene, polyvinylidene fluoride, polyvinyl 
fluoride, polychlorotrifluoroethylene, tetrafiuoroethylene/ethylene copolymer, tetrafluoroethylene/vinylldene 
fluoride copolymer, etc.). 

The cross linking component(s) may be compounded with the copolymer of the present invention by a 
40 suitable method according to viscoelasticity and form of the materials. When the copolymer and other 
materials are solid, they are mixed with an open roll, a powder mixer and the like. When they are liquid, a 
conventional mixer Is used for mixing them. Alternatively, the solid materials can be dissolved or dispersed 
in a suitable medium and then mixed. 

The cross linking temperature and time depend on the kind of the peroxide to be used. Usually, press 
46 cure is carried out at a temperature of from 120°C to 200°C for 5 to 30 minutes and oven cure is carried 
out at a temperature of from 150°C to 250°C for 1 to 24 hours. 

The copolymer of the present invention may be used as a molding material, a sealant, an adhesive and 
a coating material when not only heat resistance, oil resistance, chemical resistance and solvent resistance 
but also resistance to low temperature are required. 
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PREFERRED EMBODIMENTS OF THE INVENTION 



The present invention will be illustrated by following Examples, in which w %" and "parts" are by weight 
unless otherwise indicated. 
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Preparation Example 1 

Preparation of 2,2,5,5,8,6,9.9.1 0.1 0,1 3,1 3,1 4, 1 4,1 5-pentadecaf luro-4,8,1 2-trioxa-pentadecanoyl fluoride 
[FCH 2 CF2CF2-(OCH2CF 2 CF2)2-OCH2CF2C0F] 

In a 5 liter flask equipped with a stirrer, a condenser and a dropping funnel, 2,2,3-trifIuoropropionyl 
fluoride (1.059 g), crown ether (5 g), cesium fluoride (40 g) and monoglyme (1,000 g) were charged and 
then 2,2,3,3-tetrafluorooxetane (hereinafter referred to as "tetrafluorooxetane") (1,515 g) was dropwise 
added over 3.5 hours while stirring at a temperature of from 15 to 20 a C. After the addition of tetrafluoroox- 
etane, the mixture was stirred for 5 hours at a temperature of 15 to 20°C. Thereafter, the reaction mixture 
was distilled under reduced pressure to recover the entitled compound (328 g) at 123°C/5 mmHg. 



Preparation Example 2 

In a 100 ml stainless steel made reactor equipped with a condenser, the fluoride prepared in 
Preparation Example 1 (160 g) was charged. Then, a mixed gas of fluorine and nitrogen (volume ratio of 
20:80) was bubbled in the fluoride at a flow rate of 150 ml/min. at 100°C for 97 hours to obtain a reaction 
product containing CF3CF2CF2-(OCF2CF2-CF 2 )2-OCF 2 CF 2 COF (85 % by mole) and CF 3 CF 2 CF 2 - 
(OCF 2 CF 2 CF 2 )20CF 2 CF 3 (15 % by mole). 



Preparation Example 3 

In the same manner as In Preparation Example 2 but using 180 g of the fluoride prepared in 
Preparation Example 1 and bubbling the mixed gas for 120 hours, the reaction was effected to obtain a 
reaction product (205 g) containing CF 3 CF 2 CF2-(OCF2CF 2 CF2)2-OCF2CF 2 COF (95 % by mole) and CF 3 - 
CF 2 CF2-(OCF2CF 2 CF 2 )2-OCF2CF3 (5 % by mole). 



Preparation Example 4 



in the same manner as in Preparation Example 2 but using 200 g of the fluoride prepared in 
Preparation Example 1 and bubbling the mixed gas for 96 hours, the reaction was effected to obtain a 
reaction product (240 g) containing CF 3 CF 2 CF 2 -(OCF 2 CF 2 CF 2 ) 2 -OCF2CF2COF (92 % by mole) and CF 3 - 
CF 2 CF 2 -(OCF 2 CF2CF 2 ) 2 -OCF2CF3 (8 % by mole). 



Example 1 



Preparation of perfluro(3,7,11,15-tetraoxa-1-octadecene) [CF 3 CF 2 CF 2 -(OCF2CF2CF2)3-OCF=CF 2 ] 



A) In a one liter four-necked flask containing cesium fluoride (13.3 g) and tetraglyme (27 ml), a 
mixture of CF 3 CF 2 CF 2 -(OCF 2 CF 2 CF 2 )2-OCF 2 CF 2 COF (85 % by mole) and CF 3 CF 2 CF 2 (OCF 2 CF 2 CF 2 )2- 
OCF2CF3 (15 % by mole) (234 g) was charged. Then, hexafluoropropylene oxide was flowed in the mixture 
at such rate that the mixture was refluxed by a dry ice-cooled condenser while stirring with keeping an 
interior temperature at +10°C. After 3.5 hours from the start of reaction, the flow of hexafluoropropylene 
oxide was terminated. Then, methanol (30 ml) was added to the reaction mixture while cooling with iced 
water followed by washing with water several times. The reaction product was distilled to recover a methyl 
ester of the formula: CF 3 CF 2 CF 2 (OCF 2 CF 2 -CF 2 ) 3 -OCF(CF 3 )COOCH 3 (161 g). Boiling point, 97-98°C/5 
mmHg. 
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B) The methyl ester prepared in the above step A was charged in a one liter flask and saponified with 
a 5 % solution of sodium hydroxide in methanol at a temperature of from 40 to 60°C in the presence of 
phenolphthalein as a pH indicator. From a slightly pink colored viscous solution, methanol was evaporated 
off under reduced pressure and the residue was dried under reduced pressure to a constant weight at 

5 120°C to obtain a solid product (162 g). 

C) The solid product prepared in the above step B was ground and charged in a 500 ml flask 
connected with a trap cooled by dry ice, and the interior atmosphere of the flask was thoroughly replaced 
with nitrogen. Then, the flask was heated from 15G P C to 240°C over 4 hours. A liquid material (134 g) was 
trapped. The trapped liquid material was distilled to recover the entitled compound (69 g). Boiling point 70- 

io 71°C/'6mmHg. 



Example 2 

15 

In the same manner as in Example 1 but using a perfluoropolyether mixture of CF 3 CF 2 CF 2 - 
(OCF 2 CF 2 CF 2 )2-OCF2-CF2COF (91 % by mole) and CF 3 CF 2 CF 2 (OCF 2 CF 2 CF 2 )2-OCF 2 CF 3 (9 % by mole) 
(632 g), the reaction was carried out to obtain CF 3 CF 2 CF 2 -(OCF2CF 2 CF 2 ) 3 -OCF*CF 2 (240 g). 

20 

Example 3 



In a 3 liter reaction vessel, pure water (1 liter), C 3 F 7 OCF(CF 3 )CF 2 OCF(CF 3 )COONH* (100 g) as an 

25 emulsifier, disodium hydrogenphosphate dodecahydrate (10.0 g) and a perfluorovinyl ether of the formula: 
CF 3 CF 2 CF 2 (OCF 2 CF 2 -CF2) 3 OCF = CF 2 (32.0 g) were charged. After thoroughly replacing the interior 
atmosphere with nitrogen and evacuating the interior atmosphere to reduced pressure, hexafluoropropylene 
(hereinafter referred to as "HFP") was injected at 15°C to increase the internal pressure to 0 kg/cm 2 G and 
thereafter vinylidene fluoride (hereinafter referred to as "VdF") was injected to increase the internal 

30 pressure to 7 kg/crr^G. 

Then, a solution of sodium sulfite (13 mg) in pure water (3 ml) and a solution of ammonium persulfate 
(10 mg) in pure water (2 ml) were successively added together with VdF to initiate polymerization. 

As the polymerization proceeded, the internal pressure dropped. When the pressure reached 6.5 
kg/cm 2 G, a monomer mixture of HFP and VdF in a molar ratio of 94:6 was injected to pressurize to 7.0 

35 kg/cm 2 G. While repeating pressure drop and pressurization, the perfluorovinyl ether (each 9.0 g) was added 
after 1 .2, 2.5, 3.6 and 4.6 hours from the initiation of polymerization to continue polymerization. After 5.5 
hours from the initiation of polymerization, the unreacted monomers were purged to obtain an aqueous 
emulsion, which was coagulated by freezing. The coagulated material was washed with water and dried 
under reduced pressure to obtain a rubbery copolymer (86.0 g). 

40 ,9 F-NMR analysis of the copolymer revealed that the molar ratio of VdF:HFP:CF 3 CF 2 CF 2 - 
(OCF 2 CF 2 CF 2 ) 3 OCF = CF2 in the copolymer was 76.6:10.1:13.3. A glass transition temperature of the 
copolymer measured by a differential scanning calorimeter (DSC) at a temperature rising rate of l0°C/min. 
was -65°C (a center value of the peak), which indicates that the copolymer has good low temperature 
properties. 

as In the subsequent Examples, the molar ratio of the monomers and the glass transition temperature were 
measured in the same manners as above. 



Example 4 

50 - 

In the same manner as in Example 3 but injecting tetrafluoroethylene (hereinafter referred to as "TFE") 
in place of HFP to internal pressure of 0 kg/cm 2 G, adding a monomer mixture of VdF/TFE in a molar ratio of 
92:8 to compensate the pressure drop, and adding the same perfluorovinyl ether (each 8 g) after 0.8, 1 .1 , 
55 1.3 and 1.5 hours from the initiation of polymerization, the polymerization was carried out. After 1.7 hours 
from the initiation of polymerization, the unreacted monomers were purged. In the same manner as in 



7 



0 290 848 



Example 3, the obtained aqueous emulsion was coagulated, and the coagulated material was washed with 
water and dried under reduced pressure to obtain a rubbery copolymer (95.6 g) having a molar ratio of 
VdF:TFE:CF3CF2-CF 2 (OCF 2 CF2CF 2 )30CF = CF2 of 72.5:13.1:14.4 and a glass transition temperature of 
-68° C. 

5 

Example 5 



ro In a 300 ml reaction vessel, pure water (100 ml), CjF 7 OCF(CF3)CF 2 OCF(CF3)COONH4 (10 g) as an 1 
emulsifier, disodium hydrogenphosphate dodecahydrate (1 g) and a perfluorovinyl ether of the formula: 
CF 3 CF2CF2(OCF2CF 2 CF2)30CF=CF2 (5 g) were charged. After thoroughly replacing the interior at- 
mosphere with nitrogen and evacuating the interior atmosphere to reduced pressure, HFP was injected at ^ 
15°C to increase the internal pressure to 0 kg/cm 2 G and thereafter VdF was injected to increase the internal 

75 pressure to 7 kg/cm^. 

Then, a solution of sodium sulfite (2.65 mg) in pure water (2.65 ml) and a solution of ammonium 
persulfate (1 mg) In pure water (1 ml) were successively added together with VdF to initiate polymerization. 

As the polymerization proceeded, the internal pressure dropped. When the pressure reached 6.5 
kg/cm 2 G, VdF was injected to pressurize to 7 kg/cn^G. With repeating pressure drop and pressurization. 

2 o the polymerization was carried out. After 23 minutes from the initiation of polymerization, the unreacted 
monomers were purged to obtain an aqueous emulsion, which was coagulated by freezing. The coagulated 
material was washed with water and dried under reduced pressure to obtain a rubbery copolymer (7.9 g) 
having a molar ratio of VdF:HFP:CF 3 CF 2 CF2(CM:F2CF2CF2)30CF=CF2 of 74.2:7.6:18.2 and a glass transi- 
tion temperature of -65.5°C. 

25 

Example 6 

30 In the same manner as in Example 5 but charging 10 g of the same perfluorovinyl ether as used in 
Example 5 and purging the unreacted monomer after 44 minutes from the initiation of polymerization, the 
polymerization was carried out to obtain an aqueous emulsion, which was coagulated by freezing. The 
coagulated material was washed with water and dried under reduced pressure to obtain a rubbery 
copolymer (9.6 g) having a molar ratio of VdF:HFP:CF3CF2CF2(OCF 2 CF2CF 2 ) 3 OCF = CF2 of 72.0:7.7:20.3 

as and glass transition temperature of -70°C. 



Example 7 

40 

In a pressure resistant 100 ml glass ampoule equipped with a valve, CF 3 CF2CF2(OCF2CF 2 CF 2 )- 
3 OCF=CF 2 (3.0 g), 1 ,1 ^-trichloro-1 ,2,2-trifluoroethane (hereinafter referred to as n R-113 n ) (10 ml) and a 
solution of 2,4,5-trichloroperfiuorohexanoyi peroxide in R-113 (concentration, 0.438 g/ml) (0.5 ml) were 
charged and cooled with dry ice/methanol followed by replacement of the interior atmosphere with nitrogen. 
45 Then, VdF (1.2 g) was charged and reacted at 20±1°C for 30 minutes with shaking. As the reaction 
proceeded, the internal pressure dropped from £5 kg/cn^G to 1.5 kg/cnr^G. The unreacted monomers were 
purged and the content in the ampoule was poured in pure water to precipitate a product, which was dried 
under reduced pressure to a constant weight to obtain a copolymer (2.0 g) having a molar ratio of 
VdF:CF3CF 2 CF2(OCF2CF2CF2)30CF=CF 2 of 77.0:23.0 and a glass transition temperature of -76°C. 

50 

Example 8 

55 In the same manner as in Example 7 but charging 0.5 g of ethylene in place of VdF and proceeding the 
polymerization for 1 hour and 40 minutes, the polymerization was carried out. The internal pressure 
dropped from 1.5 kg/cm 2 G to 1.1 kg/cm 2 G. After drying under reduced pressure, 1.5 g of a copolymer was 
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obtained. 

'H-NMR and 19 F-NMR analyses of the copolymer revealed that the molar ratio of ethylene:CF 3 CF 2 CF2- 
(OCF2CF2 CF 2 )30CF = CF 2 in the copolymer was 62.6:37.4. The copolymer had a glass transition tempera- 
ture of -88° C. 



Comparative Example 1 

10 In the same manner as in Example 3 but initially charging perfiuorovinyl ether of the formula: 
CF 3 CF2CF2[OC(CF 3 )FCF2]30CF = CF2 (hereinafter referred to as "PB3VE") (39.4 g) which is derived from 
hexafluoropropyleneoxide and subsequently adding PB3VE (each 22.5 g) after 2.8, 4.5, 6.7. 7.3 and 8.2 
hours from the initiation of polymerization, the polymerization was carried out After 9.3 hours from the 
initiation of polymerization, the unreacted monomers were purged to obtain an aqueous emulsion, which 

• 75 was coagulated by freezing. The coagulated material was washed with water and dried under reduced 
pressure to obtain a rubbery copolymer (233 g) having a molar ratio of VdF:HFP:PB 3 VE of 75.7:8.3:16.0 and 
a glass transition temperature of -38.5°C. 



20 Comparative Example 2 

In a 3 liter reaction vessel, pure water (1 liter) and ammonium perfluorooctanoate (2 g) as an emulsifier 
were charged. After thoroughly replacing the interior atmosphere with nitrogen, HFP was injected at 80°C to 
25 increase the internal pressure to 1 kg/cm 2 G and thereafter a monomer mixture of VdF and HFP in a molar 
ratio of 78:22 was injected to increase the internal pressure to 10 kg/cm 2 G with keeping the temperature at 
80°C. 

Then, a solution of ammonium persujfate (2.2 mg) in pure water (50 ml) was added under pressure to 
initiate polymerization. 

30 As the polymerization proceeded, the internal pressure dropped. When the pressure reached 9 
kg/cm 2 G, the same monomer mixture as above was injected to pressurize to 10 kg/cm 2 G. The polymeriza- 
tion was carried out with repeating pressure drop and pressurization. After 2.3 hours from the initiation of 
polymerization, the unreacted monomers were purged and the reaction vessel was cooled to obtain an 
aqueous emulsion containing 24.3 % of solid materials. The emulsion was coagulated by adding an 

35 aqueous solution of potassium alum. The coagulated material was washed with water and dried to obtain a 
rubbery copolymer (331 g) having a molar ratio of VdF:HFP of 78.5:21.5 and a glass transition temperature 
of -23°C. 

The compositions, yields and glass transition temperatures of the copolymers produced in Examples 3 
to 8 and Comparative Examples 1 and 2 are summarized in the following Table. 

40 



45 



50 



55 
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In the same manner as in Example 7 but charging 3.6 g of TFE in place of VdF and proceeding the 
polymerization tor 3 minutes, the polymerization was carried out. The internal pressure dropped from 4.50 
kg/cm 2 Q to 4.00 kg/cn^G. After drying under reduced pressure, 22 g of a copolymer was obtained. The 
copolymer had a molar ratio of TFE:CF 3 CF2CF2(OCF2CF2CF 2 ) 3 OCF = CF2 of 97.8:2.2. 

The copolymer had a melting point (first run melting point) of 322° C, and after once melt, it had a 
melting point (second rum melting point) of 317°C. These melting points were measured as follows: 

The powdery copolymer (3 mg) is precisely weighed and charged In a highly sensitive differentional 
scanning calorimeter (910 Differential Scanning Calorimeter manufactured by DuPont), and a melting point 
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of crystalline copolymer is measured. During the measurement an endothermic peak due to melting was 
recorded on a chart in proportion to an amount of heat of fusion. The powdery copolymer is heated from 
250°C to 380°C at a raising rate of lO°C/min. The melting peak temperature recorded in this heating step 
is recorded as the first run melting point. Then, the copolymer is cooled to 250 °C at a cooling rate of 
5 t0°C/min. and again heated to 380°C at a rate of lO°C/min. The melting peak temperature in the second 
heating step is recorded as the second run melting temperature. 



Example 10 
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In a stainless steei made 3 liter autoclave equipped with a temperature regulating jacket, an agitator and 
baffles, deionized deoxygenated water (1.46 liter), ammonium tertiary phosphate (3 mg) and ammonium 
perfluorooctanoate (9 mg) were charged. The interior atmosphere was evacuated, filled with nitrogen and 
75 reevacuated (these steps being repeated three times) followed by evacuation and filling with TFE twice. 
After final evacuation, F(CF 2 CF 2 CF 2 0)4CF«CF 2 (2.2 g) was charged, and the temperature of the content 
was raised to 70° C while stirring at 400 rpm. 

Thereafter, TFE was injected to pressurize to 7.5 kg/cm 2 G, and a solution of ammonium persulfate (4.0 
mg) in water (50 ml) was added together with TFE to pressurize to 8.0 kg/cm 2 G. 
20 After several minutes, the internaJ pressure dropped, which indicated the initiation of polymerization. 
From this time, TFE was continuously injected to keep the pressure at 8.0 kg/cm 2 G. When the total amount 
of the monomers ( = polymer yield) reached 250 g, TFE was purged. 

The powdery product was recovered from the autoclave and mixed with water and ground by a 
technical mixer for 1 minute. After replacing water, the powdery product was ground for additional 5 
25 minutes. The obtained finely ground powder was dried in an air circulation type drier at 150°C for 14 hours. 
The first melting point, 343.9°C; the second melting point, 323.8°C. 

Creep of an article molded from this powdery copolymer was 6.4 % at 24°C. Creep was measured as 
follows: 

The powder (190 g) was charged in a cylinder-shape mold of 50 mm in diameter and press molded 
30 under pressure of 300 kg/cm 2 for a detention time of 5 minutes. The molded article was removed from the 
mold and heated to 365°C in an air-sintering furnace at a rate of 50°C/hr., kept at 365°C for 5 hours and 
then cooled to room temperature at a rate of 50°C/hr. The sintered article was cut to form a cylinder of 11.3 
mm in diameter and 10 mm in height with coinciding the pressing direction with the cylinder height. In a 
thermostatic chamber kept at 24°C, a load of 140 kg/cm 2 was applied to the cylindrical sample. After 10 
35 seconds and 24 hours from the start of loading, the height of the cylinder was measured. Creep was 
calculated from the heights after 10 seconds and 24 hours according to the following equation: 



40 



Height after 10 sec. - Height after 24 hrs. 

Creep (%) = x 100 

Height before loading 



Comparative Example 3 



In the same manner as in Example 9 but using no F(CF 2 CF 2 CF 2 0)<.CF=CF 2 , a polymer was prepared. 
Creep of an molded article from this polymer was 8.6 % at 24 D C. The first run melting point, 343,9°C. The 
second run melting point, 326.6 °C. 
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Claims 

1. A fluoroviny I ether of the formula: 
R r (OCF 2 CF 2 CF 2 )„-OCF=CF 2 (I) 

5 wherein R, is a Cr-Cs perfluoroalkyl group, n is an integer of 1 to 4 provided that when n is 1 (one), R f is 
other than a trifluoromethyl group. 

2. The fluorovinyl ether according to claim 1, wherein n is 2, 3 or 4. 

3. The fluorovinyl ether according to claim 1, which is CF3CF 2 CF 2 (OCF 2 CF 2 CF2) 3 OCF = CF 2 . 

4. A copolymer comprising repeating units derived from a fluorovinyl ether of the formula: 
w R r (OCF 2 CF 2 CF 2 ) n -OCF = CF 2 (I) 

wherein R f is a C1-C5 perfluoroalkyl group, n is an integer of 1 to 4 provided that when n is 1 (one), R f is 
other than a trifluoromethyl group and repeating units derived from at least one ethylenically unsaturated 
compound. 

5. The copolymer according to claim 4, wherein a content of the fluorovinyl ether (I) is from 0.01 to 60 
15 % by mole. 

6. The copolymer according to claim 4, wherein the ethylenically unsaturated compound is at least one 
selected from the group consisting of ethylene, propylene, butylene, vinyl esters of carboxylic acids, vinyl 
ethers, vinyl chloride, vinylidene chloride, acrylic acid, methacrylic acid, tetrafiuoroethylene, 
trifluoroethylene, chlorotrifluoroethy- lene, vinyl fluoride, vinylidene fluoride, hexafluoropropylene, pen- 

20 tafluoropropylene, hexafluoroisobutene, perfluorocyclobutene, perfluoro(methylcyclobutene), perfiuoroallene, 
tr.&jMrifluorostyrene, perfluoipstyrene, perfluoro(aikyl vinyl ether)s. perfluoro(alkyl vinyl polyether)s, poly- 
fluoroacrylic acid, polyfluorovinyl acetate, polyfluorovinyl ether sulfonate and polyfluorodienes. 



12 



J 



European Patent 
Office * 



EUROPEAN SEARCH REPORT 



. Application number 



DOCUMENTS CONSIDERED TO BE RELEVANT 




EP 88106587.4 


Category 


Citation of document wim indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


APPLICATION (Int. CI.*) 


P,A 


EP - A2 - 0 260 


773 (AUSIMONT) 


i, 


4 


C 07 C 43/17 




* Page 3, lines 1-17 * 






C 08 F 214/18 




— 








C 08 F 216/14 


A 


EP - A2 - 0 199 


138 (DAIKIN INDU- 


i, 


4,6 








STRIES) 










* Claims 1,3, 


4 * 








A 


EP - Al - 0 087 


737 (HOECHST) 


i, 


4 






* Claims 1,2 


* 








A 


EP - Al - 0 158 


854 (DAIKIN INDU- 


i, 


4 


















* Claims 1,3 


* 








A 


DE - B2 - 2 215 


401 (E.I. DU PONT) 


i 




TECHNICAL FIELDS 
SEARCHED (Int. CMj 




* Claim * 




















C 0/ lv ho/UU 


A 


EP - A2 - 0 150 


618 (E.I. DU PONT) 


i 


,4 


C 08 F 




* Claims 1,4 


* 








A 


EP - Al - 0 130 


052 (E.I. DU PONT) 


i 


,4 






* Claim 1 * 










A 


EP - A2 - 0 219 


065 (DAIKIN INDU- 


i 


,4 








STRIES ) 










* Claim 1 * 












The present search report has been drawn up lor all claims 








Place of search 
VIENNA 


Date ol completion ol the search 

26-07-1988 


Examiner 

REIF 



CATEGORY OF CITED DOCUMENTS 

X . particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A • technological background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
D: document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



. Application numbtr 



-2- 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 88106857.4 



Category 



Citation of document with indication, where appropriate, 
of relevant p 



US - A - 4 546 157 ( TSU.NE0 NAKA- 
- ~ GAWA et al.) 



* Abstract * 



EP - A2 - 0 077 998 (DAIKIN K0GY0) 



* Claims 1 9 Z * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt. Cl>) 



1,4-6 



1,4,6 



The present search report has been drawn up for all claims 



Place ol search 
VIENNA 



Date of completion of the search 

26-07-1988 



TECHNICAL FIELDS 
SEARCHED (Int. CM j 



Examiner 

REIF 



CATEGORY OF CITED OOCUMENTS 

X particularly relevant if taken alone 

Y particularly relevant if combined with another 

document of the same category 
A technological background 
0 : non-written disclosure 
P intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
0: document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 



O FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




